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4) Test - Has 3 modes that  may be requested as follows : (Refer
to Section 3 for additional information on the use of

these tests.)

a. Specify Pattern - Allows a pattern of up to 10 byte values
to be specified . This pattern will be written into the

file (5) specified and read back the specified number of

times . This process can also be repeated a specified

number of times on each file before proceeding to the next
file (if more than 1 file is specified).

b. File Integrity Test - This test writes a file number based

pattern into a l l  f i l e s  and then a l l  f i les  are read in
succession . The number of write passes and number of read

passes/write pass are specified by the operator. On every

other write pass the file address based pattern is compli-

me~ted , e.g.; on the first and every other wri te pass the
pattern is as follows :

- High byte of ad dress
Low byte of address
Ones compl iment of high byte of address

Ones compl imen t of low byte of address

On the second and every other write pass the pattern is the

one ’s compliment of the above pattern.

c. Generated Pattern Test - Combination of both the Specify

Pattern and File Integrity Test. Eight different patterns

are written into the memories . Each pattern being repeated

every 8 write passes. The patterns are as follows :

1) W o r d 0 = 0 , Word 1 = - l , W o r d 2 = O , etc .
2) Comp1i~ent of 1
3) All words - -86
4) Complimen t of 3 (Al l = 85)

5) All words = 0
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6) All words = —1
7) File Integrity Pattern
8) Compliment of 7

NOTE: Values are 2’s compliment decimal value of

binary pattern , e.g.; -l = all l’ s , etc .

The above patterns were desi gned to test combinations of all

or alternatin g bubble patterns in major and mi nor loops and

to evaluate system noise conditions.

Detailed description of Fortran software is as follows :

Three single dimension byte arrays are defined as:

A) Data to/from MBM (145 bytes)

B) Data from keyboard

C) Pattern array

The ASCII character definitions are expected inputs from the

keyboard to the various questions as follows :

Lines 100 - 901 ask for and analyze the answer to the question

of what type of operation , (Read , Write , Tes t, or
Dump). Single character responses are sufficient.

Lines 200 - 812 perform the single file ASCII read routine and

write to keyboard .

Lines 300 - 820 perform the single file ASCII write routine

getting the data from the keyboard .

Lines 600 - 601 perform the Dump routine (multiple file ASCII
read).

If the answer to the programs first question is ‘T” (test) the

program will jump to line 2000 where the question wil l be asked ;

Wha t type of test? The answer may be “S” (Specify pattern), “F11

(File Integrity), or “6” (Generate Pattern).
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In any case, all three routines use common sections of the program.

In order to decrease the run time and increase test throughput

su b routines were not used . Ins tead , two con trol wor d s were use d
for program control - KNTRL and KNTRLO .

The common section’ of the code used by all three test routines is

between 714 an d 762 . If i t i s an “S’ type test both control words
= 0. If it is an “F’1 type test , KNTRL0 = 0. and KNTRL = +1 or -1.
If it is a Gh tyoe test. KNTRL = 0~ and KNTRLO 

= 1 - 6 for the

first six patterns. For patterns 7 and 8 KNTRL = -l or +1 and

KNTRLØ = 7.

When a ‘1S type test is requested the prograrll will go to 700

where it begins to ask and analyze the answers to a series of

questions which determine the parameters of the test. These

ques tions are :
The first and last file numbers to test.

Number of byte patterns and their values.

Num ber of errors to print.

Num ber of Wr ite an d Reads /Wr ite Pass .
By l ine 720 these questions have been answered.

Lines 720 through 703 print the header for error analysis. The

program then enters the common routine. If the type of test

is I IFI I  or I I G I I
, l i nes 2009 - 3002 ask the common questi ons nee ded

for both tes ts ,
Number of errors to print.

Num ber of Write and Reads/Write Passes.

Both tests automat ically test all 641 files .

If the type of test is IF the program will continue at 3002, and

set up values required by the common routine to perform the File

Integrity test. Lines 3300 to 3320 set up the file number based
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11
pattern and then go to the common routine. Since each file must
be written in succession or read in succession the common routine
will return to 3200 (Write) or 3600 (Read) based upon the state
of KNTRL . After 641 files are written , the program w i l l  go to
3500 where conditi ons are set for the read process.

Lines 4000 - 4201 analyze the results of the test and determine
if any more read or wri te passes are to be executed .

If the type of test is “G” , program control goes to line 5000.
L ines 5000 - 5006 in i t i a l i z e  control values an d se t up one of s i x
pat terns .

Lines 6000 - 6002 set the values required by the common routine ,
p r in t the test pat tern  an d num ber on the term i nal , and go to
the common routine.

The common routine returns to line 9000. Until the first six
patterns are generated the program will go to the next pattern
generator. Otherwise initial values will be set for generating
the 2 file integrity test patterns and program control will then
go to line 3005.

The file integrity test returns to line 9900 where any errors are
accumula ted , KNIRLO is reset , an d control goes to line 9001 . This
process is repeated un til the specified number of write passes is
performed .

The common routine start iny at 714 sets the A array to the values
in the C array modulo NUMPAT (number of patterns), and then cal ls
the macro subroutine (MACWRT). wh ich writes the data into the
bubble. MACRED routine is then called , the da ta be i ng sor ted i n
the A array .
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The A array is then compared against the C array modulo NUMPAT
look ing for errors . If errors are found the board number (N (JMBRD)

on which the error was found is calculated and then the following

information is printed.

Write Pass Number (KNTWRT)

Read Pass Number (KNTRD)

Good Data [C(K)]

Bad Data [A(J)]

Board Number (NUMBRD)

Word Number (NUMWRD)

This process is repeated for all 144 words in the file (NUMWRD),

until the specified number of Read (NUMRD) passes and Write

(NUMWRT ) passes have been executed.

In all of the above test modes the operator may specify the

maximum number of errors to be printed to the keyboard before

terminating that portion of the test. In such a case the program

would advance to the next file or write pass.

B. Assembly Language Programs (Appendix V)

The two subroutines called by the Fortran program are MACRED and
MACWRT (Read and Write respectively). They in turn call another

subroutine called ADDXMT which performs the task of sending the

file address to the controller. MACRED and MACWRT initially set

location MASKI with a value which will indicate to the controller

to either read or write. They then call ADDXMT.

ADDXMT adds to MASKI the two most significant bits of the address

in the two LSB of the 16 bit PDP-ll word . This word is then

moved to address 1677728 which is the DRii-C output register .

AODXMT then readys the second word which will contain the l ower
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8 b i t s  of the file address along with a branch contro l bit
(020000). ADDXMT then waits in loop 2 until the controller

signals it has received the first word before sending the second

word . ADDXMT then points to the core address of the data block

and returns to MACRED or MACWRT . In each case both will then

wait for the controller to indicate it has received the second
byte of information and is ready to proceed with the data transfer.

In the case of Write , HACWRT will send the first 60 bytes of data

to the eight 64 x 1 FIFO ’s (Loop 4). It will then go to loop 5

and move another byte of data only when it has an indication that

the FIFO is not full . MACWRT will remain in loop 5 until 144

bytes have been transmitted and then return to the Fortran program .

In the case of Read , MACRED will go to ioop 7 after it has received

a ready indication from the controller. In loop 7 MACRED will

remove data from the FIFO ’s as long as it receives a FIFO not empty
indication . It will wait until it has 144 bytes of information
before returning to the Fortran program.

2.3.2 MBM Controller Micro Programs

The heart of the MBM controller consists of three 2901 4 Bit Slice

Microprocessors. This allows 12 bit data words . However , onl y 10
bit values may be accessed from PRO M , and only 8 bit va l ues are
available from the I/O data lines .

The mi croprocessor and peripheral functions are controlled by a
32 bit word programmed in 2708 PROMS. The purpose of this section
is to provide some insight into writing programs for this controller.
However, due to the ability of a single word to produce double operand ,
double source , and double destinations (including I/O) Instructions ,
it would be an extremely lengthy task to document the full capabilities .
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A functional descri ption of the 32 bit word is as follows :

BIT NO.

0 - 2 Multiway branch contro l (will determine bit 0 - 2 of the

branch address).

3 - 9 Most significant bits of a Muitiway Branch Address.

O - 9 Absolute Branch Address.

O - 7 Absolute Data when the data are from PROM and a shift

ins truction is present (B2l set).
O - 9 Absolute Data when the data are from PROM and a shift

ins truction is not present.

8 - 9 Shift control . Will set the input to the LSB or MSB of

the Q or R bidirectional ports to a value determined by

the above outputs. The bit of the word will be set to

that value during a shift instruction . Tabl e 1 below

shows t i e l ng ic for thi s function .
*10 - 13 “A” Register Address designation if the source code does

not i nd ic ate the “A” Register address as a source code

(823 = 0 ).

10 — 13 I/O Contro l if (B23 = 1) in which case the bits are as

fo l lows :
BlO, Bil Ou tput Register Address

812 Output  Desi gna tion
813 Input Designation -

Note: I/O instructions require that the Branch Control Instruction

(B28-B3i ) not be a conditional branch instruction (e.g.; ‘8 1T ).
*14 Carry bit - significant only when the Op Code B25-B26 is

0~ 1, or 2.
*15  - 18 “B” reg ister address des i gnat ion
*19 - 21 Destination Code
*22 - 24 Source Code
*25 - 27 Op Code
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**28 - 31 Branch Contro l

Append ix V II contains a list of some of the more common simple instruc-

tions along with a few of the more complicated possibilities. Refer

to appendix II which shows the operation source and destination codes

for the 2901 . However , due to the 2901 and hardware design limi tations ,

caution shoul d be exercised under certain circumstances .

When us ing  source codes 0 , 1 , 4, and 5 (Register at A address) there
may not be a read from the I/O data lines . The data may only be read

from PROM.

When loa d in g 10 b it s of da ta from PROM the des t ina t i on code may no t
be 4 , 5, 6, or 7 since these are shift codes , and B8 and B9 double
as shif t control bits.

When the instruction consists of a conditional branch , data may not be

loa ded from the I/O l ines . A write into I/O contro l reg is ters i s not
allowed 1) On conditional branch instruction , or 2) When ‘A” Address

Register is called for in the source code . Conditional branches do

not have the capability of testing more than one b-it. Multiple

instructions must be written and each except for the last must not
effect the test bits .

The carry test bit (charted in Table 2-i) will be set or cleared as a

resul t of the opera t ion i f the Op Code i s 0, 1 , or 2, an d the Source
Code is 0, 1 , 4, 5, or 6. (Otherwise not effected.)

*See Appendix II (2901 Instruction Set)

**See Appendix III (9408 Instruction Set)
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Table 2-1. Table of carry control and shift control logic

INPUTS RESULTS

Destination Shift

Code (Octal ) Control

(Bl9-B2l ) (B8, B9) C Qo R0 Q xi R 11

NONE
O X Cn+l2

NONE - :

1 X Cn+l2
NONE

2 X Cn+l2
NONE

3 X Cn+l2

4 -* Q&R 0 Q0 S S R 0 Qo

1 Q0 S S R~ Cn+12

2 S S R 0 N

3 S S R 0 0
5 -~- 0 R 0 ZS S ZR 0 R0

1 R 0 ZS S ZR 0 Cn+l2

2 R0 ZS S ZR 0 N

3 R 0 ZS S ZR 0 0

6 +—~
- Q&R 0 R 11 R 11 Q 11 S 5

- 1 R 11 R11 ~) 11 S S

2 R 11 0 Q~ S S

3 R 11 0 Q11 S S

7 +—,. 0 R 11 Z R 11 Z S

1 R 11 Z R 11 Z S

2 R 11 Z 0 Z S

3 R 11 Z 0 Z S
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Table 2-1 continued.

S = Sig nal Source

X = Don ’ t Care

Z = Hi gh Im pedance State

Therefore , the following shift combinations are available

Dest. Shi ft
Code Code MNEMONIC

4 0 
~
--—

~~ Q f—1--)(Ti OCR

4 L~~~~~ R 
- 

~~~~~ DRR

4 2 ~~[
L

R  FH~~Q j )ftj

4 3 0 )1 R Q~~~lII jT~4I~ J DLSR

5 0 R j-~-~çJ CIR 

5 1 ‘—
~{ R !- -~LJ ROR

5 2 
~—4iL R }—

~LL.j ASR

5 3 0 -- ->1 ~
—
~_c___ . LSR

6 0 or 1 C 41 R }-~- Q ~~ 
l DCL

6 2 or 3 
~~~~ 

-
~ 

R ~: j _ Q~~— 0 DASL

7 0 or 1 - C~~) ~~~~~~~~~~ CIL

7 2 or 3 j
~~ 

R ~-O ASL
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flexibility for strobed operation at l ower data rates , and l ower standby

power . Finally, a straight serial recorder was considered that would take

advantage of the simplicity possible with the single loop memory such as

that available form Plessey .

4.1 DATA ACQUISITION SYSTEM USING 8 BIT PAR .ALLEL PROTOTYPE MEtIORY

The Prototype Magnet ic Bubble Memory system was des i gned (in terms

of both .‘~ardware and software ) to be easily used in a data acquisi-

tion system. However , severa l additions will be required to bring

the system from its presen t status to a field usable piece of hard-

ware . This would include the following steps:

1. Add an A/B converter board which could be the same as a modifica-

tion of the Mighty Epic Underground Telemetry System 2 channel

u ltiplex input and boards. Of course , other confi gurations,

such as multiple channel multiplexing, are possible , Figure 4.1.

2. Prepa re the additional software required which consists of bubble

controller programs for multiplexer and A/D operation and POP-li

Fortran programs for data printout operation.

3. Add the necessary battery power supplies for field use.

4. Add a 0/A converter for field checkout and quick look capability .

These steps would yield a data acquisition system with a fixed data

rate of 50k bytes/sec. with a 92k byte capacity , allowing a 12.5kHz

response (@- 3dB). The system would require a constant power source,

though provision will be made for power up/down control prior to and

after all data has been recorded.

It would be possible to furthe r modify the system to also allow variable

data rate input of ‘. 20k bytes/second. To accomplish this each FIFO
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register woul d require 256 bits of storage (64 presently) allowing the

data to be buffered until a full files worth of data were ready for

storage. Some additional control circui try would be required , however ,

256 bit FIFO ’ s are ava ilable that will directly replace the 64 bit

uni ts.

4.2 ALTERNATE 8 BIT PARALLEL DIGITAL DATA ACQUISITION DESIGN CONCEPT

A poss ib le a l te rna te desi gn for a da ta acqu i s i t i on system i s shown i n
block diagram 4-2. The concept assumes use of the T .I. MB M and
peri pheral devices. The main objectives of an alternate desi gn woul d
be to produce a data acquisition system with

A) Variable data rates within the limits or constraints imposed by

the T.I. unit , e.a .; data rates of 50k bytes/sec . or < 20k bytes!

second. (The iap between the fixed maximum data rate and lower

variable rate s results from the fact that the major loop must be

cleared before powering down between samples. The possibility

of permitting such storage under some conditions is being investi-

gated , and if it turns out to be possible , the contro l desi gn

problem will be greatly simplified.)

B) Minimum power consumption by means of powering down unnecessary

devices during periods of not recording data at low data rates.

By properly selecting devices , it is believed standby power can be

reduced to 1 00mW (possibly at the expense of chin count).

C) Simplified control logic.

The function timing would be the same as for the existing system .

The FIFO control would remain the same expect for the expansion of

the FIFO memory size to implement variable data rates. The remainder

of the system concept changes. The basic control concept would consist

of using direct PROM control . This is implemented by progran’Eiing PROMS

with a set of contro l sequences for each different type of operation

(e.g.; file add-on access , variable data rate acquisition , maximum da ta
rate , acquisition , etc.).
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The base address of the PROM is a result of the function input. A

command cons isting of Annihilate , Generate Replicate , (etc.) bits ,

and count value would be clocked from the PROMS to registers . The

counter would be decremented every lOps bubble cycle. When the counter

was decremen ted to 0 the next command and count would be loaded. This
process woul d con tinue un t i l  an ent ire  sequence ha d been executed .

The controller could be commanded by a computer for test and data

retrieval or commanded manually for field operation. A file number

counter woul d serve two purposes;

1. To access a specific file number , and
2. To count the number of f i les recorded in field operations for

automatic shut-down.

In a data ac qu i s i t ion mode the en t i re  system woul d be powered when
144 bytes were stored in the FIFO . The next sequential file in the

minor  loo ps woul d be transferre d ou t, a n n i h i la ted , and then recorde d

with the 144 bytes. Other data could be strobed into the FIFOS

simultaneously. The new file would then be transferred into the minor

loo ps , bubbles stopped , and the system would go into standby power mode .

Th i s process woul d re peat un it l a l l  641 fi les were recorded a t wh i ch
time all power would shut down .

4.3 CONTROL CONCEPT FOR A SERIAL ARCHITECTURE MAGNETIC BUBBLE MEMORY

The parallel digital recorders described in Sections 4.1 and 4.2,

al though they have important potential applications , lack the
flexi bility required for genera l use because of the limitations of

present major-minor loop devices for data recording use. Although

the major-minor loop confi guration will continue to receive the

most emphasis because it has the widest application , there may be
sufficient demand for the simplicity of Plessey ’s single loop device

to keep it alive for severa l years until the others evolve to a point
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where they are easier to use. (We have just learne d that Rockwell has
dropped its serial confi guration , at least in commercial versions. So
far , Plessey is advertizing plans to offer both kinds , but more

inquiries are necessary to confirm their long range goals.) We have ,

therefore , consi dered a simple recorder type design , di scussed below ,

that sacrafices speed for fl exibility and l ower cost in an initial

attempt to achieve a genera l purpose machine.

The concept for a single serially structured bubble memory in a date

storage system is illustrated in the block diagram , Figure 4-3. The

concept assumes tha t data will be stored in serial units of 8 bit words

(bytes), and as a resul t of this the integrity of a byte boundry must

be mainta ined. The concept provides four main functions:

1 . Read
2. Write

3. Erase
4.  Return (to start point)

An exclus ive function is latched into memory by a go command which

executes the command. A command will be terminated at the end of the

memory or when an external stop is commanded (recognized on byte

boundaries).

In the read or write mode the data (byte) rate is variable. A byte

cycle  may be s ti mula te d from 1 of 7 in terna l  selecta b le rates ran gi ng
in decade steps from 1 byte/lOOps to 1 byte/100 sec. A cycle or

groups of cycles may also be stimulated from an externa l strobe source.

The fastest byte cycle rate is obtained by maintaining a logic 1 on the

strobe control circuitry .

If it were desirable to store blocks of data consisting of more than 1

byte , the END BYTE signal could be used to contro l a multiplexer. After

_ _  ~~~ - _
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the number of bytes in a block had been counted the external strobe

would be returned to lo gic “0” until the next sample was desired.

If an i nternal byte rate were selected , all noncrit ical devices would

be powered down at rates < 1 byte/lOOms . This obviously would reduce

stand by power and allow extended field operations on a battery power

source .

When in the external strobe mode an external input would be required

to cause t he sys tem to go into  stan dby powe r mode when the stro be
cycle had been completed.

The con trol cu rren ts for the memor y are prov id ed by the memory drive

circuitry which would provide seven current si gnals to the memory .

The timing of the signals would be programmed into a 256 x 8 bit PROM.

Si x teen timi ng chan nels  woul d be ava i la b le by i nte r leav i n g 8 channe l s
in al ternate PROM addresses . Some of the remaining 9 timing channels

woul d be used for control timing, and some of these would also be
gated depending on the function.

An 8 bi t counter , operating at 8mHz , would provide the addressing

control for the PROM yielding l/4ps resolution in the timing controls.

The PROM outputs would be stored in two 8 bit latches , each receiv i ng
da ta fro m a l t e rna te PROM add resses . Some of the cont rol s ig n a l s  woul d

be gate d to the memo ry dr i ve c i rcu it ry dependent on the fun ct i on
si gn a 1 s.

A 16 bit counter would be used to count the number of bits processed

allowing en d of memory detect ion. The 3 least si g n i f i c a n t  b i ts  woul d
be used to cause timing cycles in groups of S bits , thus ma intain i ng
byte boundaries .

The system described in the diagram also provides for both digital and

analo g I/O interfaces . This would provid e for either mode of operation
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or both where it might be desirable to interleave both types of data .
The main power control would shut down the entire unit after the
en tire memory had been accessed if the power override were turned off
after the system was initialized . The system would also automa tically
shu t down if the power source dropped below a level where improper
operat ion m i ght effect data in the memory .

The block diagram may be s i mp l i f i ed as fol lows :

A. Limit the data rate to an external source eliminating approximately
10 IC’s.

B. Eliminating power control circuitry .

Further simplification in the contro l circuitry could be realized by
producing an 8 bit wide system. This would require the memory drive
c i rcu i tr y to be produced 8 time s whi ch offsets the savings irs control
complexity , but the maximum throughp ut would increase by a factor of 10.
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1.0 SCOPE

This  sp e c i f i c a ti o n  d e s c r i b e s  the e l e c t r i c a l , m e c h a n i c a l  and e n v i r o n m e n t a l

choract er i s t ics  of the IBM 01 01 Bubb le  Memory Device.

2 . 0  G E N E R A L  D E S C R I P T I O N

The IBM 0101 Bubble Memory Device  i s o  14 p in  dua l i n — l i n e  module

c o nt a i n i n g  a 92K bi t  b u b b l e  m e m o r y  chip ,  coi ls f o r  p r o v i d i n g  a r o t a t i n g

m a g n e t i c  f i e l d , a p e r m a n e n t  m ag n e t  s t r u c t u r e  fo r  p r o v i d i n g  the  r e q u i r e d

sta t ic  i g n e t i c  f i e l d , and a m ag n e t i c  s h i e l d  a s s e m b l y.

3 . 0  F E A T U R E S

92 K bi t  n o n v o l a t i l e  n~ .m o r - ,- 4
O c c u p i e s  less  than  C- 5 c jb i c  i nch

Consumes  l e s s  t h a n  0. 7 w a t t s  f o r  c o n t i n u o u s  op e r a t i o n

W e i g h s  l e s s  t h a n  25 g r ars~s

R u g g e d  p a c k a g e  with  5 e l f  - c ~n t a i n e - i  O i ag f l e~~ ic

M aj o r / min o r  loop a r c h i t e ct u r e

A v e r a g e  a c c e s s  t ime  ( f i r s t  b i t i  . 4 me

100 KHz read / ‘ar i t e  o p e ra t i o n

50 K b/ s  data r a t e

I -~~~I IE  OF~~.’ ‘~O I R S A  - - - -
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4 . 0  A P P L I C A B L E  D O C U M E N T S

92 K chip specif icat ion TI Dr awing N o .  SR 2 C 0 7 6 53

TMS 5502 Bubble Memor y C o u t r o l l e r  Spec i f ica t io n  TI Drawing  No.  SR 200 76 4

Schematic Bubble Memory Card TI Drawing No.  SR 2 0 0 7 n 5 5

5 . 0  F U N C T I O N A L  D E S C R I P TI O N

5. 1 Bubble Chin Qp era tio n

The 92 K bit bubble chip c o n s i s t s  of a subs t ra te  of gadolinium gal l ium

garnet on which is gr own an epi t axial  f i lm of magnet ic  garnet  mater ia l .

This film supports  5~~m cy l ind r i ca l  bubble domains .

Patterns of pe rma l lov  metal  are  d e p o s i t e d  on the ep i t ax i a l  f i lm  to def ine

the path of the cy l indr ica l  bubble domain in the p r e s e n c e  of a rotat ing

magnetic f i e ld .  As  the f i e l d  r o t a t e s ,  the bubble domains move under the

metalli c patterns in sh i f t  reg ie t e r  f a s h i o n .

A s ta t ic  magnetic f i e ld  b ias  f i e l d )  is p r o v i d e d  pe rpend icu l a r  to the plane

of the ch ip to con t ro l  the si : e  and shape of the bubble domains .

Control funct ions I i .  e .  g e n e r a t e . t r a n s f e r  i n ,  t r a n s f e r  out , r e p l i c a t e  and

annihi late)  are accompl i shed  b y p r o v i d i n g  c u r r e n t  pu l s e s  throug h the

appropriate control  e l e m e n t ,  on the ch ip .  Cu r r en t  f lowing throug h a con-

tr o l ~1ement causes  a loca l  a l t e r a t i o n  in the magne t i c  f i e l d . This f i e ld

alteration , in con !u nc t i on  with the local  p e r m a l l oy  p a t t e r n ,  accomp l is h e s

the control  func t ion .

Af te r  genera t ion , the bubble domains move 22 . S M m dur ing  each rotation

of the magnetic f i e ld . Control  functions must be t imed to ensure  th a t

the bubb le doma in has a r r ived  at the proper locat ion on the ch ip .
S’ZI COD E DEN’ ‘.0 CIPAW’NI , 4.0
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To de tec t  the presence  or absence of bubbles ,  two magne to- re s i s t ive

e lement s  are provided . The se e lements  may be u a ed a s part of a brid ge

circui t  configurat ion which provides  hig h degree  of noise cancellation

when used with an external d ifferential  ampl i f i e r .

( 5. 2 Major /Minor  Loop Operat ion

See Fi gure 1 .

Bubble domains represent ing  bits may be created under the generate  loop.

These doma ins s tep throug h the major looF in the indicated d i r e c t i o n .

When  a data s t r ing  has been generated , equal in length to the number of

minor loops (a page ) , and shif ted such that the f i r s t  bit is posi t ioned ove r

the f i r s t  minor loop,  the t r ans fe r  gate may be ene rg ized . This operation

t rans fe r s  the page f rom the major loop into the minor loop s. The data

now c i r cu l a t e s  in the minor loops .  New data may be generated , shifted ,

and t r a n s f e r r e d  into each of 41 d i f f e r e n t  minor loop page pos i t i ons .

Data is r e t r i eved  b y doing a t r ans fe r  out operat ion when the desired pa ge

rotates  to the top of the minor loops .  This moves the page out of the

minor loop , t r uc tu re  and puts it back into the maj or loop. The pa ge now

moves around the major loop in bit se r ia l  form un til  the f i r s t  bit a r r ives

at the r e p l i c a t e / a n n i h i l a t e  e lement . One of two con t ro l  operat ions may

now be performed :

5. 2 . 1  Rep licate

if a repl icate  pulse is i s s u e d  each time a bubble domain a r r i ve s  at the

replicate/annihilate ga te .  each domain is stretched and cut. One portion

is d ive r ted  into the de t ec to r  area to be read and the other Continues
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Major/Minor Loop Architecture

Major Loop
c640 bubble
pos i t ions )  Rep licor e/

An ri h i l a t e  Detecto r s88

G~ ner ote

297 ______ 

87

69 

~~~~ T~~ n sfer In , Out

64i ~~o 
o

‘ “

~

“

~ 

. 270°

Roto t inq Magne t i c
H e l d  Or ien t at ion  

Bi as Magnet
F ie ld  Orien t atio n

157 2 1 

g iv en  n fi e ld  cycles
correspond ing to overall

Minor  Loops control t imings g ive n n
- E a c h  minor loop containS 7 . 1
641 bubble pos it ions

Fi gur e 1
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moving in the m a j o r  loop . It is thu s possible to read a page , rec i rcu late the

information around the major loop and put it back into the minor Loops for non-

volatile storage . This operation provides -i nondestru ctive read capability.

5.2.2 Annihilate

Annihilation is accompli shed by app lviuii .i current pulse to the rep licate/

annihilate .ate that trjn si~’rS the bubbl e - -o r .o ~he maj or loop and into the

detect or track where it propagates off the chi p.

5.3 Redundancy

To enhance production yields and reliuce d~~vi.-e cost , l . a  of the 15? minor loops

are guaranteed to be usetul. The user ’s system must insure that information is

not written into Ie ect iv,’ ‘.cc ps -sad it must ignore any informati on read f roni

these Loops.

0

Defecti ve minor l o I p s  r e s u l t  f r o m  -jclnut. , t ,l r 1n ~ processes related to the small

geometry ~f the permall v p 5ttCt fl t . D e I e ~~~ iVe  minor loops are identified

during factory testin g and in no way relate to a field failure mode. A ma p of the

d e f e c t i v e  minor ioop location will be written tnt - - the device at the factor y

be fo re  sh ipmen t .  This  map must be read hV  the user in order to implement data

trans fers to the device.

5... DevIce C a p a c i t y

Minor loop count (t o tal ) 157

Minor loop count (useful)

Minor loop count (unused) 13

SIZE CODE OE4.~ NO Om~~*NG NO
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5. 4 Devic e Capaci ty  (Co n t inued )

Major loop length 640 pe r iod s

Minor loop Length 64 1 periods

Raw data capacity lOO.b37 bits

Useful data capacity (92 K bits nominal) 92 , 104 bits

Percent redundant storage 8.28 percent

Redundancy shall be implemented by avoiding the writing of bubbles rnto any

defective loop and neglecting bubb le information read rots any defective loop.

5.5 Performance Specific ations at LOU KHz Opera tion

Mm Norn M3x Unit

Average access time (first bit) — 4 - ma

Average cycle time (144 bit page ) — 9. 6 — US

Rard error rate after N years — L0~~ Na errors/bit

residence t ime with operating duty
cycle d

Soft error rote 1O~~
Da ta ra te - 50 - Kbits/sec

5Depends upon sense electronics and ‘layout

**T’fljs maximum error rate shall be sustained on reading data that has been

resident in the device for Nd years of continuous READ/WRITE operation, e.g.,

tor N 1 and d • 1/100. hard error rate — i0’~~ errors/bit; for N —0.1 and

d — 1, hard error rate — 10 ‘10errors/bi t .

5.6 Bias Margin

The chi p shall have an operating bias marg in of no less than 8 Oe. Ibis

mi n i m u m  margin shall be achieved under any combination of the parameter s

S.ZE C OOE D E N’  NO O~~*w NO NO
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I 5.6 Bias Ma r’in (continued)

specified herein , i.e., temperature , drive field , control pulse current

ampli tude and t i mi n g ,  humidity and v ib ra t ion .

6.0 ELECTR ICAL

I 6 . 1  Coil Drive

The bubble chip is surrounded by two orthogonal coils which , whets driven 90~

out of phaae , produce a rotating magnetic field in the plane of the bubble chip

I 
It is this rotating field that causes bubble domains to move under the per mallo

patterns .

If the two coils are turned on and off in the prescribed manner , bubble domain

motion cart be started and stopped without error. Thus, if continuous duty is

I not required , a power savings can be realized by operating in the start/atop

mode . 

*

Triangular current waveform s are recommended for driving the two coils. This

approach lends itself to precise digita l control of the drive field .

See Figure 2.
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Coil Drive Techni que
100 KHz 

1
0 ’ ‘1 Coi l  ~5

CHJ

) I
UAA)

~~
—1 1 TBM 0lO 1~X i  I

- .  .~~~ 7 ~8
B / D (’ I

- IZ V ~‘

270° 0° 90° 180° 2700 2,70°
Current i I I

Vector
Direct ion ~~~j..—.-—jClosed 

____________f 1__________

Closed
r — i  Open , 

______ ________

t x~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~0

• Closed 
*

_ _ _  
Open~~~~~~~____

C1os~ed
I I  _ _ _ _

0
1

10u~~~~ ~
0°

,/ \,~ ~ N o t e :  Current vector star ts,)
Locus of c u r r e n t  , at or ig in  (n ot 0 )  anc

vec to r  ,-
~~°. 

N stops at o r ig in  fo r
190 stop s t ar t  operation 1

180 °

F I gure  2
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6.1.1 Coil Drive Requirements

Mm N om Max U n i t

Pe ak f i e l d  s t r e n g t h  f o r  t r i a n g u l a r  dr ive  -.8 50 54 Oers teds

I 
Field r o t a t i o n  f r equency  9 9 . 9 9  100.00 100.01 KBz

Phase lag(mnner coil with respect to 87 90 93 Degrees —

I outer coil)

Total coil power 0.7 1.1 W a t t s

I 
X C o il

Inductance ~~

I R e s i s t a n c e  (DC )  - 
~~. 9 - Ohms

R e s i s t a n c e  AC at 100 K H c )  — 4 3  — Ohms

1PX+ ( P o s i t iv e  pe~~ c u r r e n t )  -145 1 4~~5 ‘Ia

I 1 PX— Ne~~a t iv e  peak c u r r e n t )  445 ~~ as

4

Inductance ~

Resistance (DC) — - I -

I 
Re s i st a n i ;~ at  100 K(~ - —

1PY+ )P- ,S~~t tve oai~ a rren t) I 5 i~ -

I ‘PY— I l~eg.1 t i . e  t e a k  c u r r e n t )  - ..- - . ma

7 . 0  CONT t~OL CURRENT 7IMINGS AND A~~~L l  n : t :

All timings are based on the d i r e - t I n of the rot.,t~ n~ t l e . I  w i t t I  respect t o  t h e

bubble device orientation. These rioin ~is ire dcliv .. t :  .u, the t ime when the t t , i j
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Fi gure 3 P in Ass gnmen t

C~ ~~~~ 
8 7 C.< (1- )

T R  (+1 ‘1 6 C~~ (+)

R E P  (+ )  10 5 C y (-I

DET I (—) I l  4 T R  ( - )

‘0 
DET 2 (—) 12 3 GEN (+)

D E T Z  (~) 
13 2 GEN ( - )

DEl l ( + 1  14 0 1 R E P  ( : )
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7 .0  CONTROL CURRENT TIMINGS AND AMPL ITU DE S (Con t inued)

is 0~~. The current conventions are in accordance wi th  F igu re  3.

7 . 1  Control  Timings (Overal l)

The fo l lowing  t imings  r e f e r  to the  f i r s t  bubb le  to be read or w r i t t en  in a page

of bubble data . A page ” is the block of information obtained from the transfer

operation , i.e., one bit from each of the 157 loops. The timings are taken

from the leading e d e  of the tirst contr ol pulse to the leading ed ge o f the

second control pulse. These tialogs are used only to verify the overall control

sequence and should ot t be used to verify the timings within each drive field

cycle as given in 7 .0 . The tinings are based on use of a 100 Kflz drive fiel d

accurate to 0.01% in frequency , r the user ’s irive f i e l d  frequency F KHz)

dirfers from 100.00 KHz his tirnin.~s should be multiplied by the factor F. 100

before comparison with these values.

T r a n s f e r  o u t  to repli~~ate 6i4 ±1 _s

Transfer out to bubble signal peak 372 ±1 .~s

Transfer nit to generate 2962 ±1 —~

Transfer Out to tra ns f er in ~4O5 ~1 — s

‘~ ZE ~1t -I€ DENT ‘NC j R A* NQ NO
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7 . 1 . 1

The bubble functions a r e  shown schematicall y an the following diagram to

show the operations n e ce s s a r y  to read (solid l ines) or write aashec lines)

the first bit in a page (the hit from minor loop number 1). The minor loops

are spaced such that one voi d  ~t it position exists between all data bits after

t r a n s f e r  ou t  o p e r a t io n .  Ther elo ri , all major loop functions are repeated at a

50 Kliz frequency. The I r w ~ nc be low is arranged so that the ~~t n I t 1 o n s  n a y  be

set up in the proper synchronism. The t i m i n g s  are  g iven in both f i e l d  o - v d e s  and

microseconds. The F ie ld  cycle counts corresponds to Fi gure I

1 — 0  1 2

_ _ _ _  

let ::
t~~~ 680 690 700

I 1~1 [1”s__ Ann hi l a t e
1 = 86 Rep l i i ~ate 87 88
=860 870 880 *

I I
I = 296 297 “D e t e c t  S t robe  298
t~~ 2 I ) 6O 2 ) 7 0  20 80

Ce~~era te -

_ _ _ _ _ _ _ _ _ _ _ _p

1= 640 641 642
b400 Tra ns fer ’~j 

6410

L F -~-~T~ I

N o n e  t in .,s, i in f Ie ld  cyc l e s .
Each Field cycle beg ins a t  0° Fie ld
Orientation .
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